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Progressive fluid removal can avoid electrolyte disorders
in severely burned patients
Ein kalkulierter Volumenentzug kann bei Schwerbrandverletzten eine
Elektrolytdysregulation vermeiden
Abstract
Introduction: Extensive burn injury has systemic consequences due to
capillaryleak.Afterrestorationofcellularintegrity,infusedfluidvolume
has to be removed partially. This can provoke electrolyte disorders.
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Purpose: We investigated the effect of progressive fluid removal on
serum sodium level. Felix Hagen Stang
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Method: Retrospective study. Patients admitted to a burn unit were
analyzed and separated in two groups without (Group A) or with (Group
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B) prolonged hypernatremia. Daily infusion-diuresis-ratio (IDR) was
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Results:Fourty(12female;28male)patientswithameanageof47±19
years, a total burn surface area (TBSA) of 26±12%, and a mean abbre-
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viated burned severity index (ABSI) score of 7.3±2 were included. In
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Group A 25 patients with a mean age of 47±18 years, a mean TBSA of
23±11%,andameanABSIscoreof6.9±2.1weresummarized.InGroup
Unit, University Hospital B 15 patients with a mean age of 47±22 years, a mean TBSA of
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Lübeck, Germany 30±13%, and a mean ABSI score of 8.1±1.7 were included. Hyper-
natremia occurred on day 5±1.4. There was no significant difference
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between both groups for fluid resuscitation amount within the first
24hours.Statisticalanalysisofthefirst7daysafterburninjuryshowed
a significantly higher percentage of removed fluid in Group B for day 3,
day 4, day 5, day 6 and day 7.
Conclusions: Amount and velocity of fluid removal regimen after burn
injury can provoke electrolyte disorders. Serum sodium concentration
can be used to calculate need of fluid resuscitation for fluid mainte-
nance. There is a need of an established fluid removal strategy.
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Zusammenfassung
Einführung: Ausgedehnte Brandverletzungen gehen mit einem Verlust
der zellulären Integrität einher. Das während dieser Phase infundierte
Volumen muss, nach Wiedererlangen der zellulären Integrität, dem
Brandverletzen partiell wieder entzogen werden. Dies kann Elektrolyt-
dysregulationen provozieren.
Fragestellung: Es wurde untersucht, ob ein Zusammenhang zwischen
der Intensivität des Volumenentzuges und der Serum-Natrium-Konzen-
tration festzustellen ist.
Methoden:RetrospektiveStudieanSchwerbrandverletzten.Eserfolgte
eineAufteilungderPatienteninnormonatriäm(GruppeA)undhyperna-
triäm (Gruppe B).
Ergebnisse: Vierzig Patienten (12 Frauen; 28 Männer) mit einem
durchschnittlichenAltervon47±19Jahre,eineverbranntenKörperober-
fläche(TBSA)von26±12%undeinemabbreviatedburnedseverityindex
(ABSI) von 7,3±2 wurden analysiert. In Gruppe A (25 Patienten) wurde
ein mittleres Alter von 47±18 Jahre, eine TBSA von 23±11% und ein
ABSI von 6,9±2,1 berechnet. In Gruppe B (15 Patienten) lag ein
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Research Article OPEN ACCESSdurchschnittliches Alter von 47±22 Jahren, eine TBSA von 30±13%
und ein abbreviated burned severity index (ABSI) von 8,1±1,7 vor. Eine
Hypernatriämie trat am 5.±1,4 Tag auf. Es zeigte sich keine signifikant
unterschiedliche Volumentherapie während der ersten 24 Stunden
nachdemthermalenTrauma.DiestatistischeAnalysederersten7Tage
nach der Brandverletzung zeigte signifikant höhere Volumenentzüge in
Gruppe B für die Tage 3, 4, 5, 6 und 7.
Schlussfolgerung: Ein kalkulierter Volumenentzug nach ausgedehnten
BrandverletzungenkanneineSerum-Natrium-Dysregulationvermeiden.
Die Serum-Natrium-Konzentration kann einen Beitrag zur Kalkulation
des individuellen Volumenstatus nach Brandverletzungen leisten.
Schlüsselwörter: Brandverletzung, Intensivmedizin, Diurese
Introduction
Theskin–asthelargesthumanorgan–protectsagainst
infection and radiation, fluid and electrolyte loss. On the
other hand the skin provides thermal regulation [1].
Thermal injury is a dynamic process that peaks at about
3 days after trauma and can affect the skin partially or
completely [2], [3]. In case of long term or extremely hot
thermal trauma injured structures may extend to subcu-
taneoustissue.Inseverelyburnedpatientsmicrovascular
integrity is lost, and a plasma-like fluid leaks into the in-
terstitial space. The time after injury at which capillary
integrity is restored varies individually [4]. During this
period plasma volume must be maintained to ensure
tissue oxygen delivery.
Several established formulas describe kind and amount
of fluid resuscitation during burn shock. The Parkland
formula uses crystalloid alone and is frequently applied
[5]. After recovering of cellular integrity the circulating
fluidvolumehastobenormalized.Herebyextensivewater
and electrolyte shifts can provoke electrolyte disorders
and systemic dehydration [6].
Partial thickness burns usually blister and protection
against fluid loss is lost. In relation to the total burn sur-
face area (TBSA) a systemic relevant fluid loss can occur.
The transdermal fluid loss was calculated with
40 ml/%-TBSA/day [7]. Through this study, we want to
elucidate the effect of progressive fluid removal regimen
on serum sodium concentration in severely burned pa-
tients.
Materials and methods
Patients admitted to our specialized burn unit were ana-
lyzed retrospectively for the incidence and duration of
hypernatremia (>146 mmol/l) as a sign for dehydration.
Patient’s characteristics (age, sex, TBSA, abbreviated
burned severity index (ABSI)) and continuous infusion-
diuresis-ratio (IDR) were registered. Infusion volume
summarizessalineandcolloidinfusion,aswellasenteral
nutrition. Diuresis was measured by permanent urine
catheter. In a second step IDR after burn shock was put
in relation to daily IDR or corrected by transdermal fluid
loss (40 ml/%-TBSA). To investigate a relationship
between percentage of removed volume and incidence
of hypernatremia two subgroups have been build (Group
A: without hypernatremia; Group B: with hypernatremia).
We investigated IDR changes for the first 7 days after
burn injury.
Statistics
Statistics were performed with SPSS 15.0 (SPSS Inc.
Chicago, USA). To estimate significance between both
groups Mann-Whitney-U-test or Chi-square-test were
performed. Results are written in mean value ± standard
deviation.
Results
In Group A 25 patients (7 female; 18 male) with a mean
age of 47±18 years (minimum: 14 years; maximum:
73 years), a mean TBSA of 23±11% (minimum: 10%;
maximum: 60%), and a mean ABSI score of 6.9±2.1
(minimum: 3; maximum:11)were summarized. In Group
B 15 patients (5 female; 10 male) with a mean age of
47±22 years (minimum: 17 years; maximum: 83 years),
a mean TBSA of 30±13% (minimum: 12%; maximum:
70%), and a mean ABSI score of 8.1±1.7 (minimum: 5;
maximum: 11) were included. Hypernatremia occurred
on day 5±1.4 and persisted for 4.6±2.7 days (Table 1).
No significant difference in ABSI between both groups
wasfound(p=0.078).Therewasnosignificantdifference
between both groups for fluid resuscitation amount
within the first 24 hours (Group A vs. Group B 4.9±3
ml/kg/%-TBSA vs. 5.8±3 ml/kg/%-TBSA; p=0.32). In the
analysisofdailyIDR,wefound–exceptforday2(p=0.06)
– a significantly higher percentage of removed fluid in
Group B (Table 2). In the transdermal fluid loss corrected
analysis a significantly higher percentage of removed
volume was registered for day 4, day 5, day 6 and day 7
after burn injury (Table 3). The 7 day course of non-cor-
rected and corrected IDR-percentage is displayed in
Figure 1.
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Namdar et al.: Progressive fluid removal can avoid electrolyte disorders ...Table 1: Patients characteristics written in mean ± standard deviation (sex, age [years], totally burned surface area (TBSA) [%],
ABSI, burn shock fluid [ml/kg/%-TBSA]
Table 2: Percentual daily infusion-diuresis-ratio (IDR) divided in Group A (without) and Group B (with hypernatremia) and
significance between both subgroups (n. s.: no significance)
Table 3: Percentual daily infusion-diuresis-ratio (IDR) – corrected for transdermal fluid loss (40 ml/%-TBSA/day) divided in
Group A (without) and Group B (with hypernatremia) and significance between both subgroups (n. s.: no significance)
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Namdar et al.: Progressive fluid removal can avoid electrolyte disorders ...Figure 1: 7 day course of percentual fluid removal after burn shock resuscitation divided in Group A (without hypernatremia)
and Group B (with hypernatremia) and corrected for transdermal fluid loss (40 ml/%-TBSA/day)
Discussion
Thereareseveralformulastorestoreintravasalcirculating
fluid volume during burn shock. The Parkland formula –
used in our burn unit – describes a need of ringer’s lac-
tate infusate of 4 ml/kg/%-TBSA to replace interstitial
fluid loss [8]. Fluid resuscitation within the first 24 hours
is commonly monitored by measuring urinary output,
haematocrit and mean arterial pressure. After – burn
shockinduced–capillaryleakclosure,softtissueedema
hastobereducedtoadvancepatientsconditionsforskin
grafting. After fluid removal resuscitation has only to
maintainsystemicfluidequilibrium.Thereisnoevidenced
data about amount (neither percentual, nor absolute)
and velocity of fluid removal during this period.
To elucidate this question we compared 40 severely
burnedpatientsinregardtopercentualalterationindaily
IDR. Urinary output is an unreliable guide for individual
need of fluid administration in the >48 hours post burn
period,becauserespiratorywaterlosses,osmoticdiuresis
secondary to accentuated glucose intolerance, high pro-
teinfeeding,andderangementsinhormonemechanisms
contribute to increased fluid losses despite an adequate
urine output [9]. In burned patients serum sodium con-
centration is the best guide for controlling fluid replace-
ment>48hoursafterburninjuryandshouldbeinnormal
range (135–145 mmol/l) [1]. Hypernatremia (>146
mmol/l)isavalidsignforsystemicdehydration[10],[11],
[12]. In severely burned patients hypernatremia is a fre-
quently observed electrolyte disorder [4], [5], [13].
After burn injury there is a continuous transdermal fluid
loss. Prior studies reported a wide range (25 to 80 ml/%-
TBSA/day) of transdermal fluid loss [1], [14]. In our burn
unitthetransdermalfluidlossiscalculatedwith40ml/%-
TBSA/day. This fluid loss is terminated by complete
reepithelization or after skin grafting surgery. In patients
with a TBSA >10% transdermal fluid loss can have sys-
temic effects. The fluid resuscitation during burn shock
in our study was guided by Parkland formula [8], and
fluid removal regimen was adjusted by measurement of
hematocrit,centralvenouspressure,bloodpressure,and
urine output. Split skin grafting to deep dermal burn
wounds was performed within 7 days after trauma.
We demonstrate in this study that patients with a hyper-
natremic state after burn shock showed a significantly
higherpercentualdailyfluidremovalwithinthefirst7days
after trauma. This finding was registered in the non-cor-
rected (day 3–day 7) and the transdermal-fluid-loss cor-
rected analysis (day 4–day 7). The analysis without cor-
rectionfortransdermalfluidloss,showednosignificantly
difference in the amount of fluid regimen for day 1 and
day 2 after burn injury. Same findings were calculated
for the first 3 days after burn injury in the transdermal-
fluid-loss corrected analysis.
Ourfindingsshowthataprolongedfluidremovalregimen
(>2days)mayprovokesystemicelectrolytedisordersand
shouldbeavoided.Theamountofvolumeappliedduring
resuscitation should be removed within 48 hours after
capillary leak closure. In the following days a balanced
daily IDR should be achieved. Therefore the individual
amount of transdermal fluid loss has to be kept in mind.
In patients with a prolonged fluid removal regimen a hy-
pernatremic state was observed frequently. The trans-
dermal fluid loss corrected analysis showed that in the
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was generated at about 50 percent of the maximum IDR
(day 1). In the for transdermal fluid loss corrected nor-
monatremic Group A the balanced fluid equilibrium was
held on about 100% of the maximum IDR. There was
neither a significant difference in the non-corrected, nor
in the transdermal fluid loss corrected analysis of re-
movedfluidvolumewithinthefirst2daysafterburninjury
between Group A and B.
We demonstrate that even in specialized high-volume
burn centers the incidence of post-burn hypernatremia
is not avoidable. Our findings enforce the assumption,
that a post burn injury hypernatremic state can be pro-
voked by prolonged fluid removal strategy. A negative
daily IDR with a hypernatremic state indicates a relevant
systemic dehydration [10], [11]. Hypernatremia should
be immediately treated to avoid systemic dehydration
anditsneurologicsequelaeandconsequencesinwound
healing [15], [16], [17]. Apart of these consequences,
hypernatremia is associated with adverse outcomes in
critically ill and severely burned patients [15], [18].
We conclude that serum sodium concentration can be
used to control fluid removal strategy after burn shock.
There is a systemic relevant coherence of amount and
velocity of fluid removal and elevated serum sodium
levels. There is a need of a well established fluid removal
strategy in severely burned patient to avoid water and
electrolyte imbalances.
Limitations
Becauseofthesmallpopulationandsometimesdifferent
diuresisprotocolsusedfurtherinvestigationisrecommen-
ded to figure out a safe method of fluid removal after
burn injury. Choice and amount of administered diuretic
agents to enforce diuresis, as well as a definition of daily
IDR to minimize dehydration risk are not described in the
literature.
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